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“... one can conclude that there is no practically
possible way of observing the neutrino.”

Bethe and Peierls, Nature (1934)
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Neutrinos all mixed up
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Harrison-Zel’dovich
Spectrum - ACDM
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(graph from Kev Abazajian)

| Present limit:

few eV

| (2DF, SDSS, Ly-o. ...)

1 Future discovery range:
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better than 0.1 eV

| (lensing, SDSS, Ly-o« WMAP,
41 Planck, ...)

Abazajian & Dodelson,
PRL 91, 041301 (2003)

Kaplinghat, Knox & Song,
PRL 91, 241301 (2003)
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Neutrino masses
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Number of neutrino species
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Sterile neutrinos

 weaker interactions
« decouple earlier

* diluted more
« can have larger mass
- smaller velocity N
 “warm”

satellite & cusp problem?

Particle models with sterile neutrino in
desired mass range are “unfashionable”
(and observationally challenged).

Warm Dark Matter




Cosmic neutrino
background

Background neutrinos:
Big Bang plus
1 second

s - Background photons:
’ Big Bang plus

R D 380,000 Years
N\ ¢
Today: w
Big Bang plus %E,.f}

13.78 billion years . Pige






The neutrino sky (committee
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Learned and Mannheim,
Ann.Rev.Nucl.Part.Sci 50, 679 (2000)

3
IR
VIS

|

1

2

Uy
0

1

1

suj6aq uoewl o) 1ejs

v=Cgomain

s see where photons can’t

O
=

1

i

wead uoijewio) 1ejs

1

=1

10

redshift z

LZPIIN

10~

3
0

1




High-enerqy neutrino sources
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(cartoon from Francis Halzen)

Cosmic accelerator

p+target —> ...+ 7's
Ty

when produced.:

yiv,ev,iv,=2:1:2:0

after oscillations:

yivev,v,=201:01101



Undersea/Underground/Underice

The Site:
S cm of Powder, 2 km of Base,
Never Rains, and Lots of Non-stop Sunshine

{ Q lee Tup

Snow Layer

lceCube

AMANDA/IceCube




Amanda/lceCube (diffuse) limits

J. Ahrens et aI (IceCube) astro- ph/0305196
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GZK Neutrinos
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observables:
protons,
photons,
neutrinos
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Protons, Photons, and Neutrinos
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Existing neutrino limits
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Major connections

Cosmo/Astro Particle

* Leptogenesis * Number of flavors
- BBN  Sterile neutrinos

» Dark energy  Dirac vs. Majorana
« Dark matter < » |+ Mass scale
 WIMP detection * Mixing parameters
 UHE neutrinos * Cross sections

* SN neutrinos * Exotic properties

Neutrinos are a key to
New physics in the universe
New physics beyond the Standard Model



